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Wheat 
Wayne R. Hansen 
Extension Agronomist 
Iowa State University 
These are the results of a three-year project in conjunction with Ogilvie Mills, Inc., 
Keokuk. The 1990 and 1989 studies were conducted at the Southeast Research Center. The 
1988 studies were conducted at Lang Enterprises, Inc., near Donnellson. There are three studies 
in the project and each study includes hard red spring wheat, hard red winter wheat, and soft red 
winter wheat. There are three varieties of each crop type selected for protein content and disease 
and lodging resistance. 
The previous crop in the test area was soybean for 1990 and 1989, and was corn for 1988. 
Soil tests showed high levels of phosphate and potash, therefore, none was applied in the fall of 
1989. Seventy pounds phosphate and 80 pounds potash were applied per acre and incorporated 
in the fall of 1988 and 1987. In all studies the nitrogen source was urea, except the post anthesis 
application was 28% liquid diluted with water. The plots measured 5-feet wide by 16-feet long in 
1988 and 1989 and 17-feet long in 1990. In all years the plots had 10 rows with 6-inch row 
spacings. 
The planting rates, except for the planting rate study, were 30 seeds per square foot for 
the winter types and 40 seeds per square foot for the spring types. The number of seeds per 
pound for the 27 lots of seed used in this project varied from 12,800 to 17,500, therefore, if 
planted at one and one-half bushels per acre (90 pounds) the seeds per square foot would have 
varied from 26 to 36. Therefore, planting at seeds per square foot is superior to planting at 
bushels per acre. 
The three years of this study were very different, 1988 had above normal air temperatures 
and low plant available moisture, 1989 had somewhat above normal air temperatures and 
somewhat low plant available moisture and 1990 had below normal air temperatures and above 
normal plant available moisture. Plant diseases and lodging were not significant in 1988 or 1989, 
but both were significant in 1990. The excess plant available moisture early in 1990 resulted in 
excessive tillering and plant growth and this coupled with more cool and wet weather resulted in 
a severe infestation of powdery mildew on susceptible varieties. 
In 1990, the hard red winter wheat plants had severe lodging on 1 May in Studies I and 
II. Plant lodging, measured as percentage of plants lodged more than 45 degrees from vertical, in 
Study I averaged 19%, 28%, 37%, and 48% for 0, 50, 100, and 150 pounds of nitrogen. The 
lodging was also variety specific with Arkan lodged at 8%, Norkan at 24%, and Payne at 68%. 
In Study II lodging averaged 14% for Arkan, 34% for Norkan, and 75% for Payne. The percent 
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of lodging was directly related to the severity of infestation with powdery mildew. The plants did 
straighten some following the early lodging. 
Study III was not located near Studies I and II and had not lodged on 1 May; apparently 
the micro-climate had not been as conducive for the early development of powdery mildew. The 
soft red winter wheat varieties are apparently more tolerant to powdery mildew, because they did 
not lodge as early. The canopy development of the hard red spring wheat varieties was not as 
lush early in the season and that retarded the development of powdery mildew; therefore, they 
lodged less. 
The height of the plants varied in the three years of the study. The hard red spring wheat 
plants were 29, 38, and 34-inches for 1988, 1989, and 1990. The hard red wheat plants were 28, 
33, and 39-inches, and the soft red winter wheat plants were 31, 36, and 40-inches, for 1988, 
1989, and 1990. 
Normally soft red winter wheat is ready for harvest about one week before hard red 
winter wheat, and hard red spring wheat is ready about another week later. This was the harvest 
sequence in 1988 and 1989, however, the hard red winter wheat was ready for harvest first in 
1990 due to premature maturity caused by powdery mildew. Harvest of the hard red winter 
wheat in Studies II and III was delayed for about one week during which 2.6-inches of rainfall 
occurred accompanied with high winds. This delay resulted in an increase in lodging from about 
43 percent to 93 percent for the hard red winter wheat. Rain, accompanied with wind, delayed 
harvest of the soft red winter wheat and resulted in an increase in lodging from about 38 percent 
to 76 percent. 
This project shows small grain lodging is a complex issue involving plant available 
moisture, plant nutrients, plant diseases, and late season rainfall accompanied with high winds, 
not simply "too much nitrogen." 
The objectives of Study I are to determine if nitrogen rate and/or split nitrogen 
applications affect: 1) grain yield, 2) grain quality, and 3) lodging. The nitrogen rates were: 0, 
50, 100, and 150 pounds per acre. The nitrogen applications for winter wheat were: NA1 = all at 
planting, NA2 = 33% at planting and 67% at green-up, NA3 = 25% at planting, 25% at green-up, 
and 50% post tillering, and NA4 = 20% at planting, 20% at green-up, 40% post tillering, and 20% 
post anthesis. The nitrogen applications for spring wheat were: NA1 = all at planting, NA2 = 
33% at planting and 67% post tillering, and NA3 = 30% at planting, 50% post tillering, and 20% 
post anthesis. In Table 1, nitrogen rates are in pounds per acre, yields are in bushels per acre, 
and lodging (Ldg.) is percentage of plants lodged more than 45 degrees from vertical. Lodging 
was insignificant in 1988 and 1989, therefore, only data for 1990 are shown. The yield data are 
shown as 1990(1989)(1988). For example, the yields in bushels per acre for Alex hard red spring 
wheat for 1990(1989)(1988) are 5(41)(31). 
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Table I. Wheat yields and lodging for Study I 
Zero nitrogen was adequate for hard red spring and hard red winter wheat. Fifty pounds 
of nitrogen was likely economical for the soft red winter wheat in 1989, five bushels per acre 
increase. Grain quality analysis on the hard red wheat showed increased protein with additional 
nitrogen, but yields were generally reduced, therefore, it was uneconomical. Split applications 
were not economical, however, split application of nitrogen for winter wheat (33% at planting 
and 67% at green-up) should reduce the possibility of groundwater pollution. 
Soil samples were taken from the plot areas and analyzed for nitrate nitrogen. The 
average amounts were equivalent to 17, 15, and 24 pounds of nitrogen per acre in 1988, 1989, 
and 1990. The approximate pounds of nitrogen, phosphate and potash removed is 1.25, 0.63, 
and 0.38 per bushel of wheat and 13, 3, and 23 per ton of straw. Apparently, available soil 
nitrogen plus soil mineralization during the growing season was adequate for the wheat needs. 
These data indicate a method better than crop removal is needed to determine nitrogen 
application rates for wheat. 
The objectives of Study II are to determine if fungicide, growth regulator, fungicide and 
growth regulator in combination, and/or split nitrogen applications affect: 1) grain yield, 2) grain 
quality, and 3) lodging. The treatments (Tmt.) were C=control, F = fungicide, G = growth 
regulator, FG = fungicide and growth regulator. The nitrogen applications (NA) were the same 
as Study I, but the nitrogen rate was constant at 90 pounds per acre. In Table 2, yields are in 
bushels per acre and lodging (Ldg.) is percentage of plants lodged more than 45 degrees from 
vertical. Lodging was insignificant in 1988 and 1989, therefore, only data for 1990 are shown. 
The yield data are shown as 1990(1989)(1988). 
Table 2. Wheat yields and lodging for Study II 
The yield data show fungicide increased yields in some situations, but the cost is about 
$10 per acre plus application cost, therefore, it was uneconomical. The growth regulator reduced 
the plant heights, increased yields in some situations, but decreased yields in others, and reduced 
lodging, but did not eliminate lodging. The cost is about $3 per acre plus application cost, 
therefore, it was uneconomical. The fungicide is systemic and was applied just prior to flag leaf 
emergence. The objectives are to protect the flag leaf and glumes because the majority of the 
photosynthate in the grain comes from the flag leaf and the glumes. The growth regulator was 
also applied just prior to flag leaf emergence. Split applications of nitrogen were not economical, 
however. split application of nitrogen for winter wheat (33% at planting and 67% at green-up) 
should reduce the possibility of groundwater pollution. 
The third study is a date and rate of planting study. The objectives are to determine: 1) 
optimum planting rate, 2) how late in the fall winter wheat can be planted, and 3) if planting of 
winter wheat is delayed is it advisable to shift to spring wheat. The nitrogen rate in this study 
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was 90 pounds per acre with one application for the spring wheat and two applications for winter 
wheat. The planting dates (PD) for winter wheat were: PD1 = 10 days prior to Hessian fly-free 
date, PD2 = fly free date, PD3 = 10 days after fly free date, and PD4 = 20 days after fly-free 
date. The Hessian fly-free date for the Southeast Research Center is about 25 September and for 
Donnellson it is about 28 September. The planting dates for the spring wheat were as soon as 
soil conditions were appropriate. The planting rate (PR) in seeds per square foot were: PR1 = 
20, PR2 = 40, and PR3 = 40, and PR3 = 60. In Table 3, yields are in bushels per acre, and 
lodging (Ldg.) is percentage of plants lodged more than 45 degrees from vertical. Lodging was 
insignificant in 1988 and 1989, therefore, only data for 1990 are shown. The yield data are 
shown as 1990(1989)(1988). 
Table 3. Wheat yields and lodging for Study III 
These data show that regardless of planting date winter wheat yields were superior to 
spring wheat yields. In Studies I and II spring wheat also yielded less than winter wheat. The 
planting rate of spring wheat should be about 40 seeds per square foot. The yield of winter 
wheat generally decreases as planting date is delayed beyond PD2 (Hessian fly-free date). When 
winter wheat planting date is delayed the planting rate should be increased. 
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Table 1. Wheat yields and lodging for Study I 
N Rate NA1 NA2 NA3 NA4 Avg. Ldg. 
Hard Red Spring: Alex= 5(41)(31), Coteau= 12(38)(38), Stoa = 10(53)(43) 
0 
50 
100 
150 
Avg. 
Ldg. 
9(45)(38) 
9(44)(36) 
7(43)(34) 
8(44)(36) 
42 
9(46)(38) 10(45)(37) 
8(43)(38) 8(44)(37) 
7(43)(37) 7(40)(37) 
8(44)(38) 8(43)(37) 
38 41 
Hard Red Winter: Arkan = 31(83)(49), Norkan = 23(79)(50), 
0 
50 27(81)(49) 32(79)(49) 29(85) (47) 27(87)(52) 
100 29(78)(49) 24(75) (48) 25(82)(49) 21(80)(51) 
150 23(69)(47) 17(66)(47) 17(72)(46) 21(76)(49) 
Avg. 26(76)(48) 24(73)(48) 24(80)(48) 23(81)(50) 
Ldg. 40 47 44 42 
Soft Red Winter: Auburn= 35(85)(43), Caldwell = 44(90)(*) 
Fillmore= 38(91)(59) 
12(46)(39) 26 
9(45)(38) 36 
8(44)(37) 42 
7(42)(36) 44 
37 
40 
Payne= 24(74)(50) 
32(82)(53) 36 
29(83)(49) 39 
25(78) (49) 42 
19(71)(47) 50 
42 
43 
0 47(88)(52) 47 
50 43(95)(51) 40(89)(49) 42(95)(51) 38(95)(51) 41(93)(51) 41 
100 38(89)(48) 31(88)(48) 41(88)(51) 37(90)(49) 37(89)(49) 36 
150 39(85)(49) 32(82)(46) 28(84)(46) 31(87)(47) 32(85)(47) 32 
Avg. 40(90)(49) 34(86)(48) 37(89)(49) 35(91)(49) 39 
Ldg. 40 34 37 35 37 
(*) a different variety was used in 1988 
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Table 2. Wheat yields and lodging for Study II 
Tmt. NA1 NA2 
Hard Red Spring: Alex= 3((38)(27), 
c 8(42)(33) 7(41)(35) 
F 8(39)(33) 9(43)(33) 
G 8(39)(33} 9(44)(32) 
FG 10(41)(34) 9(44)(34) 
Avg. 8(40)(33) 8(43)(34) 
Ldg. 30 27 
NA3 NA4 
Coteau= 11(36)(33), 
7(40)(35) 
7(43)(33) 
9(42)(34) 
8(43)(33) 
7(42)(34) 
26 
Hard Red Winter: Arkan = 27(78)(48), Norkan = 22(73)(50), 
c 26(72)(51) 23(68)(49) 21(73)(50) 20(77)(47) 
F 27(73)(53) 27(71)(50) 28(75)(52) 27(80)(53) 
G 23(70)(51) 23(71)(48) 25(76)(49) 27(79)(51) 
FG 26(75)(52) 33(72)(49) 29(76)(50) 25(79)(50) 
Avg. 26(73)(52) 26(71)(49) 26(75)(50) 25(79)(50) 
Ldg. 92 89 95 94 
Avg. Ldg. 
Stoa = 10(51)(40) 
7(41)(34) 31 
8(42)(33) 30 
9(42) (33) 25 
9(42)(34) 24 
8(42)(34) 28 
27 
Payne= 28(71)(52) 
22(72)(49) 96 
27(75)(52) 93 
24(74)(50) 90 
28(76)(50) 91 
26(74)(50) 93 
93 
Soft Red Winter: Auburn= 33(76)(48), Caldwell = 44(89)(*), 
Fillmore= 34(87)(59) 
c 39(83)(53) 34(81)(50) 31(84)(50) 35(84)(52) 
F 39(85)(51) 37(83)(50) 35(84)(51) 36(89)(51) 
G 36(83)(48) 39(80)(48) 36(85)(47) 34(83)(48) 
FG 45(86)(47) 38(81)(47) 37(89)(49) 41(89)(47) 
Avg. 40(84)(50) 37(82)(49) 35(86)(49) 37(86)(50) 
Ldg. 72 74 79 78 
(*) a different variety was used in 1988 
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35(83)(51) 
37(85)(51) 
36(83)(48) 
40(86)(48) 
37(84)(49) 
76 
80 
74 
76 
74 
76 
Table 3. Wheat yields and lodging for Study III 
PO PR1 PR2 PR3 Avg. Ldq. 
Hard Red Spring: Alex= 5(33)(20), Coteau= 12(32)(31), Stoa = 9(48)(32) 
1 9(33)(27) 8(38)(28) 9(41)(28) 9(37)(28) 47 
Ldg . 26 55 59 47 
Hard Red Winter: Arkan = 33(75)(45), Norkan = 27(65)(38), Payne= 32(63)(40) 
1 36(78)(43) 29(72)(39) 26(68)(34) 31(73)(39) 91 
2 32(69)(44) 36(73)(40) 28(69)(42) 32(70)(42) 86 
3 33(67)(41) 30(66)(40) 29(70)(42) 31(68)(41) 91 
4 33(60)(40) 32(63)(43) 28(57)(46) 31(60)(43) 91 
Avg. 33(69)(42) 32(68)(40) 28(66)(41) 31(68)(41) 90 
Ldg. 86 91 93 90 
Soft Red Winter: Auburn= 32(72)(44), Caldwell = 42(79)(*), 
Fillmore= 34(78)(54) 
1 34(81)(44) 32(81)(45) 31(80)(42) 32(81)(44) 56 
2 40(81)(48) 33(85)(48) 34(81)(43) 36(83)(46) 48 
3 32(69)(46) 41(75)(47) 40(76)(45) 38(73)(46) 56 
4 37(62)(46) 38(73)(51) 40(72)(50) 38(69)(49) 64 
Avg . 36(73)(46) 36(79)(48) 36(77)(45) 36(77)(46) 56 
Ldg . 52 54 61 56 
(*) a different variety was used in 1988 
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